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The purpose of t h i s i n v e s t i g a t i o n i s to study the k i n e t -
i c s of the r e a c t i o n of i s a t o i c anhydride w i t h low-molecular-
weight a l c o h o l s by a c o l o r i r r e t r i c method. Previous work on 
the r e a c t i o n of i s s t o i c anhydride w i t h a l i p h a t i c a l c o h o l s has 
been reported by Roger P. S t a i g e r and Emery B. Miller.''" I n 
t h i s work, the r e a c t i o n i s base-catalyzed, e v o l v i n g carbon 





C ' O 
4-^0 0 4 5^C. - c ~ o R + C O. 
R c H 
4- R 0 
The base a c t s as a c a t a l y s t i n i o n i z i n g the a l c o h o l to RO 
and H"̂ . 
I n order to convert the a n t h r a n i l a t e e s t e r i n t o a colored 
compound so th a t i t s c o n c e n t r a t i o n could be measured c o l o r i -
m e t r i c a l l y , a d i a z o t i z a t i o n and coupling r e a c t i o n w i t h the 
R. P. S t a i g e r and E. B. M i l l e r , J . Org. Ghem., 24, 
1216, ( 1 9 5 9 ) . 
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sodium s a l t of beta-napthol was c a r r i e d out, as f o l l o w s : 2 
o 





4- V4 <1\ 
irWj ^ t r e d C c I o y 
I t was hypothesized t h a t the o r t i c a l d e n s i t y of the c o l o r 
produced i n r e a c t i o n s ( 2 ) and ( 5 ) would be d i r e c t l y p r o p o r t i o n a l 
to the concentration of the a n t h r a n i l a t e e s t e r . To deter-
mine the v e r i t y of t h i s assumption, v a r i o u s concentrations 
of methyl a n t h r a n i l a t e were p l o t t e d against t h e i r o p t i c a l 
R. L. S h r i n e r , R. C. Puson, and D. Y. C u r t i n , The S y s t . 
I d e n t . of Org. Gomp., John Wiley & Sons, New York, 1956, p. 126. 
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d e n s i t i e s . Figure 1 i n d i c a t e s t h a t the r e l a t i o n s h i p between 
the c o n c e n t r a t i o n of a n t h r a n i l a t e e s t e r and the o p t i c a l den-
s i t y obeys Beer's Law. 
I n producing the d e s i r e d colored s o l u t i o n , v a r i o u s d i f -
f i c u l t i e s were encountered. F i r s t , the optimum wave length 
had to be found f o r the s p e c t r o n h o t o m e t e r . I t was discov-
ered t h a t the red-colored s o l u t i o n of the azo comnound absorbed 
most s t r o n g l y l i g h t w i t h a wave length of 450 m i l l i m i c r o n s . 
Therefore, t h i s p a r t i c u l a r wave length was used i n a l l sub-
sequent determinations, employing a Bausche and Lomb "Spectronic 
20" c o l o r i m e t e r . 
I n t h i s procedure, which i s e l u c i d a t e d more f u l l y l a t e r 
i n t h i s r e p o r t , the methyl a n t h r a n i l a t e - methyl a l c o h o l mix-
tur e was a c i d i f i e d w i t h 4 . 5 M HCl s o l u t i o n , d i a z o t i z e d w i t h 
17% (by weight) NaN02 s o l u t i o n , and coupled w i t h 1.4% (by 
weight) beta-napthol i n d i l u t e NaOH s o l u t i o n . Since the 
o p t i c a l d e n s i t y of the r e s u l t i n g red c o l o r was much too great 
to be mieasured, a o n e - m i l l i l i t e r sample of the alcohol-anthran-
i l a t e mixture was d i l u t e d f i f t y - f o l d w i t h water before adding 
the color-producing reagents. However, the azo compound syn-
t h e s i z e d by the the color-forming r e a c t i o n s formed a red pre-
c i p i t a t e s i n c e i t was i n s o l u b l e i n water. Next acetone, i n 
which the azo compound was e a s i l y s o l u b l e , was used as a d i l u -
ent, but then the color-forming r e a c t i o n s were g r e a t l y d e c e l e r a t e d . 
^H. H. v V i l l a r d , N. H. Purm.an, and C. E. B r i c k e r , Elements 
Quan. Anal. , D. Van Hostrand Comnany, New York, p. 4 % . 
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1.00 2.00 
O p t i c a l Density 
Figure 1. The c o n c e n t r a t i o n of methyl a n t h r a n i l a t e 
v s . the o p t i c a l d e n s i t y of the s o l u t i o n of the 
corresponding azo comnound. The o p t i c a l d e n s i t y 
i s seen to decrease w i t h the passing of time. 
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Therefore, one m i l l i l i t e r of the a l c o h o l was d i l u t e d f i f t y 
times w i t h water, the color-forming reagents were added, and 
then the p r e c i p i t a t e was d i s s o l v e d by adding f i f t y m i l l i l i t e r s 
of acetone to give a b r i g h t - r e d s o l u t i o n which had an o p t i c a l 
d e n s i t y low enough to be measured by the spectrophotometer. 
The water and acetone added to the a n t h r a n i l a t e e s t e r were 
cooled to zero degrees Centigrade s i n c e at room temperature 
4 
the diazonium s a l t would decompose i n the f o l l o w i n g manner: 
By g r e a t l y d i l u t i n g and c o o l i n g the r e a c t i n g mixture of i s a -
t o i c anhydride and a l c o h o l , the r e a c t i o n was v i r t u a l l y t e r m i -
nated, so t h a t the amount of a n t h r a n i l a t e e s t e r formed remained 
constant and could be a c c u r a t e l y c o r r e l a t e d w i t h the time the 
sample had been withdrawn and d i l u t e d . 
As i s evident i n Figure 1 , the o n t i c a l d e n s i t y of the 
colored s o l u t i o n slov/ly decreases w i t h tim.e. Therefore, care 
should be taken to make a l l c o l o r i m e t r i c determinations as 
soon as p o s s i b l e a f t e r removal of the sample. The c o l o r of 
the s o l u t i o n also f i n a l l y changes froVi red to yellow. T h i s 
phenomenon i s probably caused by the d e s t r u c t i o n of the azo 
group, which may be accomnlished through slow o x i d a t i o n by 
components of the atmosnhere. In c r e a s e d heat and l i g h t seem 
'^Shriner et a l . , l o c . c i t . 
Page 6 
to a c c e l e r a t e the d e s t r u c t i o n of the azo erroup, which could 
p o s s i b l y proceed i n t h i s way:^ 
A l a r g e excess of a l c o h o l was used so t h a t i t s con-
c e n t r a t i o n would remain constant throTighout the r e a c t i o n . 
The concentration of i s a t o i c anhydride v a r i e d as the r e a c t i o n 
proceeded, i . e . , the r a t e of formation of product ( r e l a t e d to 
c o l o r ) was ecual to the r a t e of d i s s o c i a t i o n of i s a t o i c an-
hydride. iNhen r e a c t i o n s were c a r r i e d out w i t h m.ethyl, e t h y l , 
and n-propyl a l c o h o l s , the logarithm of the o p t i c a l d e n s i t y 
p l o t t e d as a f u n c t i o n of time y i e l d e d a s t r a i g h t l i n e . There-
f o r e , the r e a c t i o n was p s e u d o - f i r s t - o r d e r i n i s a t o i c an-
hydride, and the pseudo-reaction-rate constant was determined 
as shoTO i n F i g u r e s 2, 5, and 4 and i n Table I . A l l second 
order p l o t s 'which were attempted r e s u l t e d i n a curved l i n e , 
negating a second-order r e a c t i o n i n i s a t o i c anhydride. 
The i s a t o i c anhydride was then r e a c t e d w i t h a 1:1 mix-
ture (by volume) of methyl a l c o h o l and N,N-dimethylformamide. 
The r e a c t i o n r a t e was approximately one f o u r t h of t h a t when 
Y-«- 4 y e Mow 
^F. C. Whitmore, Org. Ghem., Vol. I I , Dover P u b l i c a t i o n s , 
New York, 1951 , p. 660. 
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Sample Minutes log D 
With Methyl Alcohol — 
Run #6 • 
#1 24 

































With n-Propyl Alcohol — 
Run #11 
#1 5 ' 0.582 
#5 41 0.625 














- 0 . 2 3 2 
-0.204 
- 0 . 1 9 7 
0.0140 sec - 1 
0.0147 sec - 1 
0.0143 sec - 1 
0.00606 sec - 1 
0.00486 sec - 1 
0.00078 sec - 1 
Table I . (Cont. on Page 8 . ) 
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Sample Minutes log D 
With. n-Prople Alcohol ( c o n t . ) 
Run #12 
#2 12 0.660 
#3 24 0 .676 
#5 52 0 .725 
-0.180 
-0.170 0 .00100 
-0.140 sec 
- 1 
Average: 0.00089 _-, 
sec ~ , 
Table I . Data on r e a c t i o n r a t e s of i s a t o i c anhydride w i t h 
low-molecular-weight a l c o h o l s a t 40 degrees Centigrade. 
D = o p t i c a l d e n s i t y 
k' = pseudo r a t e constant 
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log D 
- 0 . 5 0 0 
-0.400 
- 0 . 5 0 0 -
- 0 . 2 0 0 . 
50 
finutes 
F i g u r e 2 . The logarithm of the o p t i c a l d e n s i t y 
as a f u n c t i o n of time i n the r e a c t i o n of i s a t o i c 
anhydride w i t h methyl a l c o h o l a t 40 degrees 
Centigrade. (D=optical d e n s i t y ) 
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- 0 . 5 0 0 h 
-0.400 
log D 
- 0 . 3 0 0 h 
- 0 . 2 0 0 -
Minutes\ 
Figure 3 . The logarithm of the o p t i c a l d e n s i t y 
as a f u n c t i o n of time i n the r e a c t i o n of i s a t o i c 




- 0 . 5 0 0 
-0.400 
- 0 . 5 0 0 
- 0 . 2 0 0 




10) 20 50 
Minutes 
40 50 
F i g u r e 4. The logarithm of the o n t i c a l d e n s i t y 
as a f u n c t i o n of time i n the r e a c t i o n of i s a t o i c 
anhydride w i t h n-propyl a l c o h o l at 40 degrees 
Centigrade. 
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pure methyl a l c o h o l was used, as seen i n Figure 5 and i n 
Table I I . T h i s i n f o r m a t i o n i n d i c a t e s a second-order r e a c t i o n 
i n methyl a l c o h o l . The order f o r e t h y l and n-propyl a l c o h o l s 
was not determined e x p e r i m e n t a l l y , but the r e a c t i o n i s assumed 
to be second-order f o r them a l s o . Since the N,N-dimethyl-
formamide presumably i s i n e r t tovrard both other r e a c t a n t s , 
two molecules of a l c o h o l should r e a c t w i t h one molecule of 
i s a t o i c anhydride. The formation of an intermediate,as i s 
suggested i n the mechanism of the f o l l o w i n g ecuation, would 
reasonably e x p l a i n these r e s u l t s . 
(4) Ro H 
u «̂  s t a Lie U t«v l a t , 
4 R o - c - c H 
it 
O 
There i s some d i f f i c u l t y i n r e c o n c i l i n g the mechanism 
presented by equation ( 1 ) w i t h t h a t i n eouation ( 5 ) . Notice, 
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Sample Minutes D log D k' 
Run #15 
#4 5 5 . 5 0.620 -0.218 
#5 47 0.660 -0.180 0.00288 sec" -1 
#7 70 0 . 760 -0.110 
Run #14 - -
8 0.470 -0.328 
#3 0.512 - 0 . 2 9 0 0.00250 sec' -1 
30 0.540 -0.268 
Average: 0.00269 sec' -1 
Table I I . Data on the r e a c t i o n r a t e s of i s a t o i c anhydride 
?/ith a 1 :1 mixture (by volume) of methyl a l c o h o l and N,N-di-i 
methylformamide at 40 degrees Centigrade. 
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Run # 1 3 ^ - " - - - ^ . ^ " ^ ' ^ - - ^ ^ Run #14 
k' = average slope = 0.00269 sec"^ 
> 
10 20 50 40 50 60 
Figure 5. Tbe logarithm of the o p t i c a l d e n s i t y as a 
f u n c t i o n of time i n the r e a c t i o n of i s a t o i c anhydride 
w i t h a 1:1 mixture (by volume) of methyl a l c o h o l and 
N,N-dimethylformamide at 40 degrees Centigrade. Run #18 
i n d i c a t e s the slope when i s a t o i c anhydride i s re a c t e d 
w i t h pure methyl a l c o h o l . 
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however, t h a t the c o n d i t i o n s f o r eouations ( 1 ) and ( 6 ) are 
d i f f e r e n t , namely t h a t r e a c t i o n ( 1 ) i s base-catalyzed and 
occurs at a higher temperature than r e a c t i o n ( 6 ) , which has 
no c a t a l y s t . Therefore, they could have d i f f e r e n t r o u t e s . 
Also, the base c a t a l y s t and the higher temperature i n r e a c t i o n 
( l ) may be s u f f i c i e n t to saponify the a l k y l carbonate pro-
duced i n the r e a c t i o n , e v o l v i n g carbon dioxide and forming 
the a l c o h o l again. Therefore, i t i s f e a s i b l e t h a t both equations 
are c o r r e c t , w i t h two molecules of a l c o h o l r e a c t i n g i n each, 
but w i t h one a l c o h o l molecule being regenerated under the 
c o n d i t i o n s of r e a c t i o n ( 1 ) . 
Since the r e a c t i o n i s second order i n the a l c o h o l , one 
may d i v i d e the pseudo-reaction-rate constant ( k ' ) by the square 
of the a l c o h o l c o n c e n t r a t i o n i n moles per l i t e r to determine 
the r e a l r e a c t i o n - r a t e constant ( k ) , which i s d e r i v e d i n the 
f o l l o w i n g equations: 
With the c o n c e n t r a t i o n of a l c o h o l remaining constant. 
r a t e = k' i s a t o i c anhydride 
'When concentrations of both r e a c t a n t s v a r y , 




k' = k a l c o h o l 
And, 
k = = k' 
a l c o h o l n 2 
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The r e a l , r a t e constants f o r methyl, e t h y l , and n-nropyl 
a l c o h o l s are given i n Table I I I . I t i s seen t h a t the r a t e 
decreases as the molecular weight of the a l c o h o l i n c r e a s e s , 
but not p r o p o r t i o n a t e l y . The biggest change i s observed 
between methyl and e t h y l a l c o h o l s . 
The preceding c o l o r i m e t r i c method f o r studying the k i n e t 
i c s of the r e a c t i o n s of i s a t o i c anhydride w i t h a l c o h o l s may 
be a p p l i e d to any r e a c t i o n i n v o l v i n g the formiation or de-
composition of an aromatic amine, f o r a l l aromatic amines whi 
are not hindered s t e r i c a l l y or otherwise may undergo diazo-
t i z a t i o n and coupling w i t h sodiuni beta-napthylate. Thus, 
t h i s c o l o r i m e t r i c procedure may serve to study the k i n e t i c s 
of r e a c t i o n s where other means have proved f u t i l e . 
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Alcohol M k'/M^ or k 
Methyl 0.0143 24 . 7 2 3 . 4 X 10-^ l i t e r mole' -2 sec 
E t h y l 0.00545 17.3 18 . 2 X 10-^ l i t e r ^ mole' -2 sec""'' 
n-Prcpyl 0.00089 13 .4 5 . 0 X 10-6 l i t e r ^ mole" -2 sec"''" 
Table I I I . D e r i v a t i o n of the r e a l r e a c t i o n r a t e s of i s a t o i c 
anhydride w i t h methyl, e t h y l , and n-nrcnyl a l c c h c l s . 
k' = pseudc r a t e constant 
k = r e a l r a t e constant 
M = m o l a r i t y of the a l c o h o l 
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REAGENTS: 
I n preparing the three reagents f o r the color-producing 
r e a c t i o n s , the f o l l o w i n g pronortions were used: 
(A) 420 m i l l i l i t e r s concentrated h y d r o c h l o r i c a c i d and 
500 m i l l i l i t e r s water. 
(B) 80 grams sodium n i t r i t e and 400 m i l l i l i t e r s water. 
(G) 7 grams b e t a - n a n t h c l , 14 grams sodium hydroxide, 
and 475 m i l l i l i t e r s water. 
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PROCEDURE: 
For each d e t e r m i n a t i c n , the f c l l c w i n g procedure was 
c a r r i e d c u t : 
Two grams of i s a t o i c anhydride were weighed cut on an 
a n a l y t i c a l balance and t r a n s f e r r e d to a 5 0 0 - m i l l i l i t e r v o l u -
metric f l a s k . 400 m i l l i l i t e r s of a l c o h o l at 40 degrees C e n t i -
grade were added to the f l a s k , and the two comncnents were 
mixed by shaking. A f t e r immersing the f l a s k i n a constant-
temperature bath kept at 40 degrees Centigrade, the time was 
recorded. 
Two erlenraeyer f l a s k s kept i n an i c e s l u s h at zero degrees 
Centigrade were f i l l e d w i t h water and acetone r e s n e c t i v e l y . 
An iodine f l a s k w i t h 50 m i l l i l i t e r s of water at zero degrees 
Centigrade was immersed i n the i c e s l u s h . A o n e - m i l l i l i t e r 
sample was withdrawn from the r e a c t i o n mixture w i t h a n i n e t t e 
and added to the water i n the iod i n e f l a s k , whereupon the time 
was recorded again. 
Next, using p i p e t t e s , one m i l l i l i t e r of reagent ( A ) , one-
h a l f m i l l i l i t e r of reagent ( B ) , and one m i l l i l i t e r of reagent 
(G) were added i n the order s t a t e d w i t h shaking between each 
a d d i t i o n . These amounts had to be measured c a r e f u l l y w i t h a 
o n e - m i l l i l i t e r p i p e t t e s i n c e the o n t i c a l d e n s i t y v a r i e d s l i g h t -
l y w i t h d i f f e r e n t concentrations of h y d r o c h l o r i c a c i d or sodium 
beta-napthylate. The s o l u t i o n was shaken f o r about t h i r t y 
seconds u n t i l a deep red n r e c i n i t a t e formed. Then f i f t y m i l l i -
l i t e r s of acetone, a l s o at zero degrees Centigrade, were added, 
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and the mixture was b r i e f l y shaken whereupon a b r i g h t red 
s o l u t i o n immediately develoned. The o p t i c a l d e n s i t y of the 
s o l u t i o n was determined at once w i t h a snectronhotometer, set 
at a wave length of 4-50 i n i l l i m i c r o n s . 
P e r i o d i c a l l y samnles were taken from the r e a c t i o n mix-
t u r e , the color-nroducing r e a c t i o n s were c a r r i e d out, and the 
o p t i c a l d e n s i t i e s were recorded. The logarithms of the o n t i c a l 
d e n s i t i e s were then p l o t t e d versus the elapsed time, and a 
s t r a i g h t l i n e was drawn through the p o i n t s . The slope of t h i s 
l i n e was the pseudo-rate constant. I n order to get the r e a l -
r a t e constant, the pseudo-rate constant was d i v i d e d by the 
square of the c o n c e n t r a t i o n of the a l c o h o l i n moles per l i t e r . 
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SUMMARY: 
1 . The r e a c t i o n of i s a t o i c anhydride w i t h low-molecular-
weight a l c o h o l s i s shovra to be second-order f o r the a l c o h o l 
under non-catalyzed, low-temnerature c o n d i t i o n s , and a mechanism 
f o r t h i s p a r t i c u l a r r e a c t i o n has been suggested. 
2 . The r a t e constants f o r the r e a c t i o n of i s a t o i c anhydride 
w i t h methyl, e t h y l , and n-propyl a l c o h o l s are reported. 
5« The r e a c t i o n r a t e of i s a t o i c anhydride w i t h a l i p h a t i c 
a l c o h o l s decreases as the molecular weight of the a l c o h o l 
i n c r e a s e s . 
4. A method f o r studying c o l o r i m e t r i c a l l y the k i n e t i c s 
of r e a c t i o n s i n v o l v i n g aromatic amines has been e s t a b l i s h e d . 
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